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The possible nature of the electronic states in the normal layers is discussed.
B. In connection w i t h the experimental discovery (angle resolved photoemission spectroscopy, ARPES) of the extended saddle point singularities in the electron spectrum of a variety of HCTSC consequences are derived for TC and A in a simple model. A large enhancement of superconductivity is possible if the singularity has a sufficient extension and is located close to the Fermi energy.
In order to explain the anisotropy of the energy gap, observed in ARPES experiments, on the basis of the "extended saddle point singularities" an assumption is done that the Coulomb interactions are weakly screened, i.e. the Debye screening radius is much larger than the lattice period; this makes the electron interaction long ranged (E-L model). The consequence of this model is the change of the isotope effect with composition and also the change of Tc . The idea is that if the energy difference between the Fermi level and the saddle point is less than the Debye energy, this distance defines the effective energy scale, and hence there is a small isotope effect, whereas in the opposite case the Debye energy defines the cut-off, and the usual isotope effect is restored. Simultaneously TC decreases.
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The indices o= +,-refer to the spin projections, t1 2 = VI 2 ( k -ko).
In the self-consistent field approximation.we substitute the interaction term on B$3r2CaC9Os4 is seen. On the other hand the tunneling conductance reflects the electronic density of states which is proportional to the effective mass in any dimensionality. Since we had to assume for inteqmtion of the Raman experiments that the effective mass of the normal layers is much larger than the mass of the superconducting layers, the contribution of the n o d layers to the density of states would dominate in contradiction with the experiment There is a way to resolve this paradox assuming the tunneling probabilities to the S-and N-layers to be very different. We leave the detailed discussion of the possible origin to the end of this part.
We consider a contact between some normal metal and the S-N superconductor. According e.g. The factor (24-I was introduced to define the current density. We assume that the phases of tunneling amplitudes of the superconducting (i=Z ) and normal (i=2 ) layers are uncorrelated. The operators b correspond to the normal metal. The operators for the superconductor are the same, as used previously, but rewritten in the Nambu representation: namely the A mean annihilation of quasiparticles in layers i= I (S) and i=2 (N) with momentum p and spin 1/2; the Apie mean creation of quasiparticles with momentum -p and spin -1/2. The temperam is taken to be zero, the index zero means the ground state, summation is taken over the final states m. After that we pass over to the band representation with the energy levels El= E~, Q = 5 , E3=.-9, Ed= 9. W e will assume the tunneling probability to the N-layers to be much d e r than to the S-layers (2) is small coming either from small tunneling to the N-layers or from the small hybridization With the S-layers. Nevertheless it is of some importance since in the conductance G=dJ/dV it is the only one at eV < A. The shape of the curve G(V) is presented at Fig.4 . We have a jump at the threshold eV = A followed by a logarithmic singularity at the maximal gap of the F band and a subsequent decrease to the normal state value. There is a small Contribution of the 5 band at eV < A but in experimental conditions it may be obscured by surface defects or other phenomena. value IIR, corresponding t o a normal metal, at voltages much less than Ne.
After a smooth maximum it drops discontinuously at % to a very s m d
value; then at b& it jumps up again to a finite value on the order of IIR.
..
After that, it has a logarithmic singularity 'at I$, and at still larger voltages it tends to I / R . In experiment, a dip is always found around V=O , and although a small maximum is sometimes seen at very low voltages, it never reaches values comparable to the main maximum, which occurs at eVm= aT, with a-3. This all makes it very unlikely that the S-N layered model with t -A is good for BSCCO. On the other hand, the assumption t u A f i together with << P IT(')? leads to results resembling the experimental data (see e-g. ref.
[6]). Now we retrurn to our basic assumption The only way to achieve agreement of the model with the tunneling data is to assume , --<<p IT")?, and this means that the states of elecrrons i n the N-layers have to be different from those in the S-layers. If one thinks more thoroughly about the S-N model, one encounters another assumption, which looks rather strange. In the original Hamiltonian (3) it is implicitly supposed that the Fermi-circles in the normal and superconducting layers are exactly the same. Otherwise the energy and momentum conservation laws would be violated. But this means equal number of electrons (or holes) in both types of layers, which is unlikely. If there were a pronounced anisotropy in one of the layers (as in YBCO) that would not be necessary, since the Fermi surfaces could just cross at some points. But in BSCCO there is no substantial anisotropy.
There is a possible way to resolve these contradictions, namely to assume that the electrons in the N-layers form a continuous band of localized states (as occurs in Anderson localization). Then there is no momentum conservation. Such an assumption is compatible with small tunneling matrix elements, since for effective tunneling a rapid change of occupancy of the surface states is necessary, and if the states are essentially loca&d, this happens very slowly.
In thi s connection it should be mentioned that the situation in the 1-2-3 substances is entirely different. A model of two types of superconducting layers, one of them being isotropic and the other quasi-l-dimensional, looks more appropriate.
EXTENDED SADDLE POINT SINGULARITIES [lo].
Usually the angle resolved photoemission spectroscopy (AWES) is applied for determination of the Fermi surface in cases where the usual .
methods, e.g. de Haas -van Alfen, or Gantmalcher oscillatory effects in thin single crystalline films, faii for some reason. Such a situation happens in the high Tc cuprates, because the normal state corresponds to such high temperatures that all the oscillations vanish, and destruction of superconductivity by magnetic field at lower temperatures requires tremendously large magnetic fields. J.C.Campuzano and KGofron from Argonne managed to increase the resolution of their experiments to such an extent that they were able to find not only the Fermi surface but also the electron energy spectrum in the vicinity of the Fermi energy. Since the cuprates are quasi-2D substances, the energy depends very weakly on one of the components of the quasimomentum, say kz, and can be considered mostly as function of k -the quasimomentum in the a-b plane, They discovered that this dependence has not simple saddle points but what they called "extended saddle points" -rather long regions in the k plane, where the energy depends only on one component of the momentum. These regions are confined to the boundaries of the Brillouin zone. Their location and the cuwes illustrating the function E(kx,ky) are given at Even a simple saddle point leads to the &-se of the density of states,. and to enhancement of superconductivity [13] . The extended saddle point means actually that the substance is not only quasi-2Dy but quasi-1D with the density of states in a rather wide energy range given by the formula
where P is the extension of the singularity (we assume here that it goes along kr ), 5 is the effective mass for kxy d is the period along the caxis, the energy of the singularity. Substitution into the self-consistency equation of the BCS theory gives in the limiting cases:
where E -1 eV, A. is the usually normalized dimensionless interaction Constant. In the opposite case, p -4; 6 q,
9
In this extreme case the usual low-temperature superconductors. However even in this case -loOK corresponds to 4 -0.1, i.e. smaller than in . the ratio 2 M c is 3.795 (in case p -q, Y it has the usual value 3.52).
Since the experimental value is closer to 6, a weak coupling theory is probably insufficient for numerical predictions a n d a n serve only for a qualitative analysis.
GAP ANISOTROPY. THE E-L MODEL 1141
The same authors as well as the Stanford group has observed another property of the photoemission spectra: the anisotropy of the energy gap A .
This was done in BSCCO -the only substance, where the AWES technique permitted to observe a gap. Since the value at the minima fell below the resolution threshold, this was interpreted as a f i r m proof of the so called d-wave pairing, where the order parameter changes sign and has nodes. Actually none of these statements can be proven, since in these experiments only the magnitude of the order parameter is measured, and the resolution is finite. In case when the interaction between electrons is mediated by phonons (as this can be concluded from the isotope effect, which we will discuss later) there are no arguments in favor of d-wave pairing (such a simrnetry of the order parameter appears, if the interaction is mediated by spin fluctuations or is a result of Coulomb repulsion). Therefore it can be asked whether such an anisotropy is possible within the phonon scheme.
In usual superconductors, even with an anisotropic basic energy specnum the gap is rather isotropic (anisotropy less than 10%). give very different values, sometimes larger than 1O00, but in case of a complicated energy spectrum it is not easy to d e d e how E , has to be extracted, and so we will simply make the assumption that e, u I. There appear several momentum scales in the problem. For simplicity we considex the extreme case
(18)
. There is no unique way to chose the model interaction. We wiIl assume that the square of the electron-phonon interaction matrix element entering the phonon mediated electron interaction, as well as the electron-phonon scattering probability, is multiplied by 
. Fig. 8 . Fig. 8 . The latest AWES data on the angular dependence of the .
I . superconducting energy gap in Bi&CaC9O8&
Apart from the smallest gap region (in 'sec'7 we w i l l show how this disagreement can be cured), it fits qualitatively to the predictions .of the 'theory described here and definitely disagrees with the 'Id-wave" and "isotropic s-wave" concepts. 
ISOTOPE EFFECT [18]
The isotope effect is usually described by the power a in the presumed The small value of a of the order of 0.019k.005 for YBa2Cu3W 1241 has lead (and still does)' to conclusions about the non-phonon mechanism of. electron interaction, although it was mentioned rather early by JLabbe and . J.Bok [13] that a simple saddle point in the electron spectrum enhancing . superconductivity due to an increased density of states in some region close to the Fermi level, can replace the Debye frequency as a cut-off of the interaction, by some electronic energy limit independent on the ion mass.
Such an idea applies even better to the extended saddle point since the singularity in the density of states is much stronger.
In the framework of the E-L model the momentum region of the singufariry in case of small angle scattering is singled out in the sense of deftnitiOn of the order paramettx all the necessary information belongs only to this region. On the contrary, the order parameter in other regions is defined by its value in the singular region: it is finite until it does not vanish in the singular region. This means $hat the critical temperature is also defined only by the singular region, and hence we can consider only this region and not bother about the rest In the case of an extended saddle point singularity the integral in the BCS self-consistency equation is convergent, and the corresponding energy scale is equal to Le. the Fermi energy calculated from the saddle point. This energy does not . * e==-$) 7 (27) depend on the ion mass. It can happen, however, that y exceeds some oo which is the true interaction cut-off. In this case % becomes the integration limit despite the convergence of the integral, and hence the order parameter and the critical temperature will start to depend on the ion mass. This all happens gradually and for practical purposes it can be represented as variation of a as defined by eq. (26), since, as we mentioned, the actual variations of M are small-We will consider here the case cq uTc, and at the end we will briefly discuss the case p l z T which corresponds to substances with the lowest a and highest q.
As before, we assume that the true interaction has the form
where o is the phonon energy and {,Y -the electron energies before and after scattering. According to the previous considerations the order parameter in the region of the singularity does not depend on momenta.
Since the electron energy depends only on h, we can integrate the inteiaction (5) with respect to 5 and 9, and after this we obtain where q, -caz is some characteristic phonon energy at k -e. Usually the.
factor with # in the interaction (29) is replaced for simplicity by proportional to (€-a = (e+@) simplified form (30) lead to unphysical singularities at y = %. The origin lies in the replacement of the integration over phonon frequencies by some fixed frequency %. On the other hand such a replacement is very helpful for simplification of the theory. Therefore, instead of (30), we will use another simplified form, which has also the property of being confined to a certain energy interval around the Fermi energy and at the same time permits to avoid nonphysical singularities in the final expressions. We will substitute the frequency dependent factor in (29) by Here we are interested in A at the Fermi surface, and hence we put e=O. ' The interaction (3 I) enters the BCS self-consistency relation, and hence we have
00
-Pl where A has the same meaning as before (eq. (21)).
oo. The result will be
At T=Tc A=& Performing the integrations we will assume that Tc e pI, 
or(T,).
Although we have obtained equations describing and a, they include an unknown interaction. More important, the characteristic phonon frequency can be rcnormalized, and hence depend on the electron density of states, Le. on pI. At least, our attempts to compare the theory with the experiment on the basis of the assumption of a constant have failed. Since we do not want to introduce doubtful concepts about the phonon renormalization, we will perfom the comparison in a different way.
From experiments we have the connection between Tc and a.
According to our concept there should be little difference between compounds with different Substitution of the constituents, provided that the C u m planes are left intact. This is in fact confirmed by the data for (Y 1 -xPrx)Ba2Cu307-6 and Y(Ba2-xLax)Cu307 (Table 111 in ref. [25]), ' and we will approximate them by a linear dependence (see Fig.9 ): a = 0.623 -0.00637 Tc (K) ,38.3K I Tc I92.3K (36) . This definiteness is no surprise, since the basis of these calculations is the .
expepmental dependence a(Td for definite compounds.
In the previous derivation it was assumed that both, & and q,, are much larger than 7 '~ . This happens not to be the case for the largest Tc ( pl=Tc is presented by the dashed line at Fig.10 ). Of course this can be corrected (actually already for TC = 9OK the corre'ction is small), however this region is suspicious in the sense that the small value of the isotope shift is likely not entirely defined by the cut-off of the integrals, and thephonon The fact that the isotope shift for CuG3-Cu65 is negative and increases in magnitude with increasing TC (see ref.
[26]), can also be considered as evidence for inapplicability of the theory, based on the assumption of the purely cut-off nature of the isotope shift, to substances with extreme q. On the other hand for the lower substances the values of ~0 are reasonable, and their variation can be ascribed to renormalization. The predictions of the present theory are rather definite, but in order to check them direct determinations of the function ofx) have to be performed. This is possible, in principle, by measuring a and 4 (by ARPES), using the same samples.
RESISTIVITY IN THE NORMAL STATE 1141
The linear temperature dependence of the normal state resistivity of high-Tc cuprates was always a puzzle for theorists, and one of the checks for the theory to be correct was this dependence. Therefore such a result can neither prove nor disprove a theory. The easiest .
way to obtain a linear temperature dependence is an assumption that the . electrons interact mainly with some optical made having a low frequency, We are not going to make an exception and will also obtain the linear resistiviq in the fiamework of the theory presented above. We will show that scamring of electrons from electrons at low temperatures is much larger than scattering from phonons; therefore we will consider it first (the same was true for the model of nested Fermi surfaces [28] ). In the previous section we have assumed that the interaction between electrons due to exchange of phonons is stronger than the Coulomb repulsion (actually they are of the same order of magnitude). Here however the situation can be different. The matrix element of the Coulomb interaction is whereas the interaction via phonons is
In the forthcoming the integal over k will require k -R, and since 66 will be of the order of T , the second matrix element will be much less than the first one in the case T B o = M E ) -If on the contrary T N 00 , the second ' factor in eq. (16) becomes -1, the same as in the gap equation of the previous section. Then the interaction acquires the same form as a pure Coulomb (40) with the replacement 4m / E , + -ga . The sign is of no importance, since only the square of the interaction enters the scattering probability, and the order of magnitude of both interactions is likely to be the same. Therefore we will write the interaction in the form (40) with the 2 2 possible replacement 4ne /E-+ -ga in case T ( < oo. We obtain 0 2 2 where 9 is the angle between the veldties before and after scattering, and n are the Fermi functions. Integrating we obtain the final expression. (here we have substituted the formula (17) for (L." ) .
The reason why we get in this case a linear T dependence instead of the usual quadratic one is that in a 3D or 2D dimensional case the &function iixes the angle between the momenta whereas in the 1D situation there is no angle to fix, and the &function reduces two momentum integrations to one.
The coefficient in the linear dependence (43) would be large (e / vF -I for an ordinary metal, and here 9 is much smaller) if not for E -N I.
Therefore this requirement is actually the condition for the Landau Fermiliquid theory to be applicable t o the layered cuprates under consideration. Now we calculate the scatteiing probability from phonons; it is given by the expression 
r r n d
The crucial idea-for all results obtained in the foregoing is the assumption s, Y I . Apart from that we have presumed a modification of the electron-phonon interaction (square of the matrix element) which is described by formula (19). We realize that this treatment is not complete. The Coulomb repulsion has not been seriously considered. In the model of strongly compressed matter [33] , it compensates almost entirely the phonon attraction due to longitudinal phonons (in this case n =l); we hope that this analogy cannot be extended to such extremely anisotropic substances, as layered cuprates.
The quasi 1D spectrum appearing as a result of the "extended saddle point singularities" puts also questions about the applicability of the Fermi liquid approach, since the purely 1D interacting Fermi system is more likely to be a "Luttinger liquid". We hope that the non-1D features will be sufficient to suppress the logs leading eventually to the breakdown of the Fermi-liquid; this all, however, has to be checked. On the other hand the quasi 1D situation may be more favorable for the "preformed pairs" idea (see e-g. ref. 1341).
ON THE NATURE OF THE ORDER PARAMETER 1351
One of the hottest topics in the theory of high-Tc cuprates is the symmetry of the order parameter. One point of view is that the pairing is of "s-type", possibly anisotropic. According to this hypothesis the order parameter does not change its sign along the Fermi surface, and the energy gap has no nodes. This is confirmed by several experiments which definitely demonstrate a finite energy gap, e.g. the Knight shift 1361, tunneling conductance in BiSCCO [37] and HgBCCO (381. The most convincing argument in favor of this point of view is the strong isotope shift of the critica3 temperam in YBCO with a partial substitution of constituents (Y+Pr, or Ba+La), which we discussed before. This is a clear evidence of a phgnon mechanism of superconductivity which leads to an order parameter with no nodes. One of the examples is the model described in the previous sections.
On the other hand there exists also strong evidence in favor of the so Our goal is to demonstrate that most of the observations can be explained by a very simple idea which is a development of the E-L model. Compared to it we introduce the following change. We will assume that in addition to the phonon attraction considered in sec. 4 there exists a small and short ranged repulsive interaction U = mnst. which can represent either some part of the Nubbard repulsion at the copper sites, or the interaction mediated by spin fluctuations (taken alone, such an interaction would lead to d-wave pairing). As in sec. 4, we will presume the following inequalities:
As shown in sec. 4, under these conditions A is constant i n the singular region. Substituting V ( k ) + U into the BCS self-consistency equation, assuming the density of states and A in the singular region to be much larger ' than beyond it and integrating over k and k, we obtain
where 4, is the value of A in the singular region, and
We will assume the second term in the brackev to be much less' than the first 'one, and neglect it. The solution of eq. (49) at T=O in the limit A N pl is Now let us consider some point at the Fermi-surface, distant from the . singularity. For simplicity we consider a circular Fermi surface (there is no . dependence on kz ), and Q, will be the angular distance from one of the singular "points" (the extensipn of the singuhity, P the Brillouin zone, 2nld, are assumed to be smaU compared to the radius of the cylindrical Fermi surface, pd which is of the-order of K ).-The integral in the BCS equation co~ists of two parts: along the singularity and beyond it. Since the density of states in the singular region as well as the value of A=Ao are large, we will assume that this part of the integral dominates (estimate of the other part's contribution see below), and hence A(q) . beyond the singularity will be defined by its value in the singular region. Since there is no reason for the integral jd(9)dp to vanish, there should be a Josephson current in the fFIsC-Pb junction if the boundary is normd to the c-axis, although it may be smaller than what could be expected from an estimate based on 4 . The failure to observe it in a BiSCCO-Pb contact could be due to the weak hopping between the C u m layers. The Fermi surface in this case is an almost straight cylinder, and the c-component of the electron velocity is very small. If the electron crosses the barrier keeping the direction of its velocity, it has to go a very long path. This decreases drastically the tunneling probability and can desroy the Josephson current. This does not happen if the boundary is parallel to the c-axis, because then the velocity normal to the boundary is large, and also in YBCO, where due to the chains the hopping between the Cu02 layers is stronger, and hence the c-component of the velocity is much larger. In these cases the Josephson effect was really observed [ &an some large gap with 2A(0)ITc -6 -8 (see Fig. 12 ). This seems in contradiction with the present results, as well as with the d-wave and anisotropic s-wave concepts. Our scheme can explain the tunneling results as follows. The tunneling conductance is proportional to the density of states. In the nonsingular regions not only the gap, but also the density of states (per unit solid angle), is much lower than in the singularregion.
Therefore it contributes only a s d l background; only, when eV = 4, is Fig. 12 . Tunneling conductance of HgBa2CuO4+6 (niobium tip) [38] reached, the conductance becomes large (the background is usually attributed to normal inclusions).
The model, presented here, cannot explain all the data. Even with an energy dependent one-dirnensional density of states the maximal value of 2A(U)/Tc, which can be obtained from eq. (49), is less than 4 (see sec. 3), whereas the experimental values are around 6 to 8. This contradiction can be due to the fact that we apply the simple BCS-type theory, whereas the increased density of states makes the effective interaction strong. This has to be resolved in future studies.
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